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Abstract
Gamma-ray burst (GRB) is the most violent and highest-energy explosion phenomena in
our universe. It is named for the main radiation focused on gamma-ray band. The research of
GRBs has been made great breakthrough after more than 40 years of observations, especially
entering into the study of Multi-Messenger approach era in the last decade. However, some
issues of GRBs are remained to be resolved. In this thesis, the progress about observations and
achievements of GRBs in the past 40 years are reviewed. Our work about the central engine
and the spectra of GRBs in my PhD are also presented. In the end of thesis, I briefly present the
problems and outlook of GRBs based on my understanding and the future research projects.
In Chapter 1, I briefly present the progress about observations and achievements of GRBs.
The study of astronomy is based on the observation instruments, GRBs is no exception. The
detection unexpected by the Vela satellite makes GRB into our field of view. We are brought
into the dawn era of GRB research because of many samples observed by BATSE satellite. The
XRT telescope carried by Swift provides us with a lot of afterglow data. The operation of Fermi
satellite which is a broad-band instrument, Ground-based telescopes, Neutrino detector, and
gravitational wave detectors, we have entered the study of Multi-Messenger approach era.
In Chapter 2, an unusual gamma-ray burst- GRB 120326A is studied. The long plateau
starts at several hundred seconds and ends at tens of thousands of seconds, and the peak time
of the late rebrightening is about 30,000 s. We analyze the energy injection model by means of
numerical and analytical solutions, considering both the wind environment and the interstellar
medium environment for GRB afterglows. We particularly study the influence of the injection
starting time, ending time, stellar wind density (or density of the circumburst environment), and
injection luminosity on the shape of the afterglow light curves, respectively. In the wind model,
we find that the light curve is largely affected by the parameters and that there is a “bump”in














obvious the rebrightening will be. We also find that the peak time of the bump is determined
by the stellar wind density. We use the late continuous injection model to interpret the unusual
afterglow of GRB 120326A. Its information can give useful constraints on the central engines
of GRBs―we consider a newborn millisecond pulsar with a strong magnetic field to be the
central engine. On the other hand, our results suggest that the circumburst environment of GRB
120326A is very likely a stellar wind.
In Chapter 3, we investigate on the precession of the BH in the GRBs. The precession
in the AGNs, X-ray binaries, and other system are been widely discussed. However, in the
GRB system, there is no involved. Two special GRBs, GRB 1201027 and GRB 130925A, are
employed. There may be a 86 s periodic oscillation from 5300s to 6100s in the X-ray afterglow
of GRB 121027. A positive relation exists between the time intervals of the adjacent flares and
the time since the episode about a series of orderly flares in the GRB 130925A. We propose that
it can be explained well by a jet precession model. The mass of the BH can be calculated as
about 10M⊙.
In Chapter 4, we study about thermal emission about GRBs. The spectrum of GRB may
be composed by the different temperatures of blackbody radiation which is generated by the
different shell. So the spectrum is superimposed to multi-color spectrum by the different tem-
peratures of the black body blackbody spectrum. We take GRB081221 as an example to discuss
the multi-color radiation of GRB.
In Chapter 5, we discuss the relation of T90 and Eiso. We have collected all samples which
have isotropic energy Eiso and their T90 so far. We find there is a weak relation about T90 and
Eiso. But ours samples do not rule out the selection effects on the observations. This relation is
interpreted by the tours model of BH super accretion.
In Chapter 6, I briefly present the problems and outlook of GRBs based on my understand-
ing and the future research projects. The classification, spectrum, afterglow component and its
origins, progenitor star, and center engine of GRBs are still unclear. With technology advances
and the operation of more advanced telescopes, we have an excellent opportunity to study the
GRB.
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图 1.1: 人们公认的第一个被观测到的伽玛暴GRB 670702的光变图（该图来源于：
http://antwrp.gsfc.nasa.gov/apod/ap000702.html）。
1.1.2 BATSE卫星时代




































2704 BATSE Gamma-Ray Bursts
10-7 10-6 10-5 10-4
Fluence, 50-300 keV (ergs cm-2)
图 1.2: 左图：BATSE仪器观测到的2704个伽玛暴样本在银道坐标系中的分布图，颜色的深浅表
示积分流量的大小。（该图来源于：http://antwrp.gsfc.nasa.gov/apod/ap000628.html）右图：伽玛
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